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H[SORLWLQJ JHRWKHUPDO HQHUJ\ DUH EDVHG RQ WKH XVH RI *6+3V *URXQG6RXUFH +HDW 3XPSV FRPELQHG ZLWK
VWUXFWXUDO LH SLOHV VKHHW ZDOOV WXQQHOV HWF« RU QRQVWUXFWXUDO LH ERUHKROHV KRUL]RQWDO WUHQFKHV HWF«
V\VWHPV5HFHQWO\SDUWLFXODUDWWHQWLRQKDVEHHQSDLGWRWKHSRVVLELOLW\RIXVLQJGHHSIRXQGDWLRQVVXFKDVGULYHQRU
ERUHG5&SLOHVWRFRQWDLQWKHSLSHVWKDWFLUFXODWHWKHKHDWH[FKDQJHUIOXLG>@
$GLIIHUHQWSRVVLEOHSHUVSHFWLYHLQWKHH[SORLWDWLRQRIORZHQWKDOS\JHRWKHUPDOHQHUJ\LVUHSUHVHQWHGE\HQHUJ\
PLFURSLOHV ZKLFK DUH YHU\ DSSHDOLQJ IRU WKHLU UHODWLYHO\ ORZFRVW DQG VLPSOH LQVWDOODWLRQ SURFHGXUHV 7KH WHUP
³PLFURSLOH´ LV XVHG WR GHQRWH UHSODFHPHQW SLOHV KDYLQJ D GLDPHWHU LQ JHQHUDO RI OHVV WKDQ  PP 7KH\ KDYH
EHFRPH LQFUHDVLQJO\ SRSXODU WKURXJKRXW WKH ZRUOG VLQFH WKHLU LQFHSWLRQ LQ ,WDO\ LQ  ZKHQ LQQRYDWLYH DQG
UHOLDEOHPHWKRGVRIXQGHUSLQQLQJKLVWRULFEXLOGLQJVDQGPRQXPHQWVZHUHEHLQJVRXJKWLQWKDWZDUGDPDJHGFRXQWU\
>@ 1RZDGD\V VLQFH WKH\ RIIHU DQ DGGLWLRQDO EHDULQJ FDSDFLW\ WR WKH H[LVWLQJ VKDOORZ IRXQGDWLRQV WKH\ NHHS
FRYHULQJDZHOOGHILQHGFLYLOHQJLQHHULQJDUHDRIDSSOLFDWLRQWKHRQHUHODWHGWRWKHFRQVROLGDWLRQZRUNVDQGRUWKH
LQWHJUDWLRQRIPXOWLIXQFWLRQDOVWUXFWXUHVIRUWKHVWRUDJHDQGWKHSURGXFWLRQRIUHQHZDEOHHQHUJ\>@
7RVWXG\WKHIHDVLELOLW\RIVXFKNLQGRIHQHUJ\IRXQGDWLRQWZRSURWRW\SHVKDYHEHHQUHFHQWO\GHYHORSHGDQGDUH
FXUUHQWO\ XQGHU WHVWLQJ DW WKH 8QLYHUVLW\ RI 3HUXJLD ,Q WKLV SDSHU D )( PRGHO RI WKLV LQQRYDWLYH JHRWKHUPDO
WHFKQRORJ\IRUWKHH[SORLWDWLRQRIORZHQWKDOS\JHRWKHUPDOHQHUJ\LQH[LVWLQJEXLOGLQJVLVSUHVHQWHG
*HRWKHUPDOPLFURSLOHSURWRW\SHVIRUH[SHULPHQWDOWHVWV
,QRUGHUWRXQGHUVWDQGWKHEHKDYLRURIHQHUJ\PLFURSLOHVERWKIURPDQHQHUJHWLFSRLQWRIYLHZLQWHUPVRIWKH
VSHFLILF KHDW IOX[ HYROXWLRQ ZLWK WLPH DQG IURP D PHFKDQLFDO SRLQW RI YLHZ LQ WHUPV RI SLOH DQG VRLO WKHUPDO
LQGXFHG VWUHVVHV WZR GLIIHUHQW SURWRW\SHV KDYH EHHQ GHVLJQHG DQG WHVWHG DW WKH (QJLQHHULQJ &DPSXV RI WKH
8QLYHUVLW\RI3HUXJLD7KHDUHDZKHUHWKHH[SHULPHQWDOILHOGKDVEHHQLQVWDOOHGLVFRQVWLWXWHGSUHYDOHQWO\E\VLOWLQ
WKHILUVWPDQGWKHJURXQGZDWHUWDEOHLVDWDERXWPRIGHSWKIURPWKHJURXQGVXUIDFH)LJD


)LJD([SHULPHQWDOVLWHESLOHOD\RXWV
7KHWZRSURWRW\SHVKDYHWKHVDPHJHRPHWULFDOFKDUDFWHULVWLFVLHH[WHUQDOGLDPHWHUG PDQGOHQJWK/ 
PH[FHSW IRU WKH WLS WKDW LQRQHFDVH SURWRW\SH3 LVFKDUDFWHUL]HGE\DFRSSHUFRLOZKLFK LVZRXQG LQD
VSLUDO DURXQG WKH ERWWRP SRUWLRQ RI DERXW P RI WKHPLFURSLOH LQ WKH RWKHU FDVH SURWRW\SH 3 WKH SLOH WLS LV
IRUPHGE\DWDQNKDYLQJDPD[LPXPFDSDFLW\RIDERXWOLWHUVDQGFRQWDLQLQJSDUWRIWKHWKHUPDOIOXLGFLUFXODWLQJLQ
WKHSLSHVRIWKHSULPDU\FLUFXLW
$JULGRIPLFURSLOHV±FDVW LQSODFHDORQJWKUHHKRUL]RQWDODQGYHUWLFDODOLJQPHQWV±KDVEHHQUHDOL]HGLQWKH
H[SHULPHQWDO ILHOG DV VKRZQ LQ )LJXUH E7KH FHQWUDO DOLJQPHQW LV FRQVWLWXWHG E\ WKH WKUHH LQVWUXPHQWHGPLFUR
SLOHV QDPHO\ WKH  SURWRW\SHV 3 DQG 3 DQG  WUDGLWLRQDO PLFURSLOH 37 7KH WZR H[WHUQDO DOLJQPHQWV DUH
FRQVWLWXWHGE\QRQLQVWUXPHQWHGPLFURSLOHV3&DQGXVHGRQO\DVFRQWUDVWLQWKHORDGLQJIUDPH
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'LIIHUHQWW\SHVRIVHQVRUVKDYHEHHQDGRSWHGWRPRQLWRUWKH7KHUPR+\GUR0HFKDQLFDO7+0EHKDYLRURIWKH
V\VWHPGXULQJ LWV IXQFWLRQLQJXQGHUGLIIHUHQW W\SHVRI ORDGLQJ ,QSDUWLFXODU HDFKRI WKH LQVWUXPHQWHGPLFURSLOHV
373DQG3KDVEHHQHTXLSSHGZLWKORDGFHOOGLDOLQGLFDWRUPRQRD[LDOVWUDLQJDXJHV7KHSURWRW\SHV
3 DQG3 KDYH EHHQ DOVR HTXLSSHGZLWK 57'V 5HVLVWDQFH7HPSHUDWXUH'HWHFWRUV SRVLWLRQHG DW GLIIHUHQW
GHSWKV,QDGGLWLRQPRUH57'VDQGSLH]RPHWULFFHOOVKDYHEHHQSODFHGDORQJVRLOYHUWLFDOVORFDWHGQHDUWKH
SURWRW\SHV7KHSRVLWLRQRI DOO WKH VHQVRUVZLWK WKHGHWDLOV RI WKH LQVWDOODWLRQGHSWKV IRU HDFKRI WKHP LV JLYHQ LQ
)LJXUH$VFDQEHQRWLFHG WKH57'VUHGGRWVLQ)LJKDYHEHHQSODFHGDORQJWKHYHUWLFDOVEHWZHHQWKH
SURWRW\SHVQDPHGZLWKWKHOHWWHUV&DQG'ZKLOHWKHSLH]RPHWULFFHOOVEOXHGRWVLQ)LJDUHDORQJWKHYHUWLFDOV
QDPHGZLWKWKHOHWWHUV$%DQG(


)LJ3RVLWLRQRIWKHVHQVRUV
$VDILUVWHYDOXDWLRQRIWKHWKHUPDOHIILFLHQF\RIWKLVQHZWHFKQRORJ\D7KHUPDO5HVSRQVH7HVW757KDVEHHQ
FDUULHG RXW RQ WKH SURWRW\SH 3 >@ %\ VHWWLQJ WKH UDWH RI WKH LQOHW IOXLG IORZ DQG WKH SUHVVXUH V\VWHP HTXDO
UHVSHFWLYHO\ WR  OPLQ DQG  EDU DQG DGRSWLQJ WKH /LQH 6RXUFH 0RGHO /60 DQDO\WLFDO PHWKRG IRU WKH
LQWHUSUHWDWLRQRIWKH757WKHDYHUDJHWHPSHUDWXUHRIWKHXQGLVWXUEHGVRLOVDQGLWVHTXLYDOHQWWKHUPDOFRQGXFWLYLW\
ȜDVZHOODVWKHWKHUPDOUHVLVWDQFHSHUXQLWOHQJWKRIWKHYHUWLFDOKHDWH[FKDQJHU5EKDYHEHHQGHULYHG
7KHIROORZLQJYDOXHVIRUWKHSDUDPHWHUVKDYHEHHQREWDLQHGLVHTXDOWR&LLȜHTXDOWR:P.
DQGLLL5EHTXDOWR
3UHGLFWLRQRIWKHWKHUPDOEHKDYLRURIDQHQHUJ\PLFURSLOHSURWRW\SHWKURXJKD)(PRGHOLQJ
0RGHOYDOLGDWLRQ
5HIHUULQJWRWKHH[SHULPHQWDOUHVXOWVREWDLQHGIURPWKH757D)LQLWH(OHPHQW)(PRGHORIWKH3SURWRW\SHKDV
EHHQUHFRQVWUXFWHGWRDQDO\]HWKHWKHUPDOEHKDYLRURIWKHQHZWHFKQRORJ\GXULQJQRUPDORSHUDWLQJFRQGLWLRQV)RU
WKHDQDO\VHVWKHFRPPHUFLDOFRGH&RPVRO0XOW\SKLVLFVKDVEHHQXVHG
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7KHSURWRW\SHKDVEHHQPRGHOHG LQ WKHFHQWUDOSDUWRIDF\OLQGULFDOYROXPHRIKRPRJHQHRXV VLOW VRLOKDYLQJD
WRWDOGLDPHWHURIPDQGDWRWDOOHQJWKRIP7KHKHDWFDUULHUIOXLGFLUFXODWLRQSLSHVKDYHEHHQPRGHOHGDVOLQHDU
HOHPHQWV7KHUHSURGXFHGJHRPHWU\RIWKH)(PRGHOLVVKRZQLQ)LJXUH
*LYHQWKHSURSHULQLWLDODQGERXQGDU\FRQGLWLRQVDQGDVVLJQLQJWKH757WHPSHUDWXUHWLPHKLVWRU\DWWKHLQOHWSRLQW
RIWKHFLUFXODWLRQSLSHWKHKHDWH[FKDQJHSURFHVVEHWZHHQWKHPLFURSLOHDQGWKHVXUURXQGLQJVRLOJRYHUQHGE\WKH
FRQGXFWLRQ )RXULHU
V /DZ KDV EHHQ HYDOXDWHG 7KH PDLQ WKHUPRSK\VLFDO SURSHUWLHV DVVXPHG IRU WKH GLIIHUHQW
PDWHULDOVKDYHEHHQVXPPDUL]HGLQ7DE,Q)LJXUHWKHPDLQUHVXOWVRIWKH)(DQDO\VHVDUHVKRZQ


)LJ*HRPHWU\RIWKH)(PRGHOZLWKWKHSDUWLFXODURIWKHLQOHWDQGRXWOHWFLUFXODWLRQSLSHVDQGWKHHQHUJ\WDQNWLS
7DEOH0DWHULDOSURSHUWLHV
0DWHULDO 6SHFLILF+HDW-NJ. 7KHUPDO&RQGXFWLYLW\:P. 'HQVLW\NJP
6LOW   
0RUWDU   
6WHHO   
+'3(SLSH   
:DWHU   


  
)LJ)(YV757UHVXOWVHYROXWLRQZLWK WLPHRID LQOHWDQGRXWOHWKHDWFDUULHUIOXLGWHPSHUDWXUHE WHPSHUDWXUHDWPDQGPGHSWK
DORQJ3FWHPSHUDWXUHDWPPDQGPGHSWKDORQJWKHVRLOYHUWLFDO'
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)URPDTXDOLWDWLYHDQGTXDQWLWDWLYHSRLQWRIYLHZDJRRGDJUHHPHQWEHWZHHQQXPHULFDODQGH[SHULPHQWDOUHVXOWV
FDQ EH REVHUYHG LQ SDUWLFXODU IRUZKDW FRQFHUQV WKH RXWOHW IOXLG WHPSHUDWXUH HYROXWLRQ YV WLPH )LJ D DQG WKH
HYROXWLRQRIWKHWHPSHUDWXUHDWPDQGPGHSWKDORQJWKHPLFURSLOHYVWLPH)LJE'LIIHUHQFHVRIWKHRUGHU
RIRQO\&FDQEHREVHUYHGIRUWKHHYROXWLRQZLWKWLPHRIWKHWHPSHUDWXUHDORQJWKHVRLOYHUWLFDOSODFHGDWD
GLVWDQFHRIPIURPWKHSLOHD[LVYHUWLFDO'DWPPDQGPGHSWK)LJF
)(UHVXOWVXQGHUUHDORSHUDWLQJFRQGLWLRQV
6WDUWLQJ IURP WKH ILUVW YDOLGDWLRQ RI WKH PRGHO GHVFULEHG LQ WKH DERYH 6HFW  D VLPXODWLRQ ZLWK D FRQVWDQW
WHPSHUDWXUHRI WKHKHDWFDUULHU IOXLGDW WKH LQOHWSRLQWRI WKHFLUFXODWLRQSLSHRI&±IRUD WRWDOGXUDWLRQRI WKH
DQDO\VLV RI  PRQWKV ± KDV EHHQ FDUULHG RXW WR REVHUYH WKH SHUIRUPDQFH RI WKH SURWRW\SH XQGHU UHDO RSHUDWLQJ
FRQGLWLRQVLQWKHVXPPHUUHJLPHFRROLQJRIWKHEXLOGLQJ
7KLVVHFWLRQVXPPDUL]HVWKHUHVXOWVREWDLQHGIURPWKH)(VLPXODWLRQLQWHUPVRIWKHHYROXWLRQZLWKWLPHRIWKH
WHPSHUDWXUHDORQJWKHPLFURSLOHDQGDORQJWKHVRLOYHUWLFDO'SODFHGDWDGLVWDQFHRIPIURPWKHSLOHD[LVDW
GLIIHUHQWGHSWKVDQGRIWKHV\VWHPVSHFLILFKHDWIOX[
$V VKRZQ LQ )LJXUH  WKH V\VWHP UHVSRQVH LV FKDUDFWHUL]HG E\ D FRQVWDQW WHPSHUDWXUH GLIIHUHQFH RI WKH KHDW
FDUULHUIOXLGEHWZHHQLQOHWDQGRXWOHWRIDERXW&DQGE\DOPRVWWKHVDPHWHPSHUDWXUHRIDERXW&DORQJWKHSLOH
DW P DQG P GHSWK7KDQNV WR WKH KHDW H[FKDQJH SURFHVV LQGXFHG E\ WKH HQHUJ\PLFURSLOH WKH WHPSHUDWXUH
DORQJWKHVRLOYHUWLFDO'UHDFKHVPD[LPXPYDOXHVRIDERXW&DWPDQGPGHSWKDQG&DWPGHSWK

  
)LJ (YROXWLRQZLWK WLPHRI D LQOHW DQGRXWOHW KHDWFDUULHU IOXLG WHPSHUDWXUH EPLFURSLOH WHPSHUDWXUHDW PDQG PGHSWK F VRLO
WHPSHUDWXUHDWPPDQGPGHSWK
7KHVSHFLILFKHDW IOX[QDPHO\KHDW IOX[RYHU ODWHUDOVXUIDFHRI WKHPLFURSLOHJHQHUDWHGGXULQJ WKHSURFHVV LV
VKRZQLQ)LJXUH7KHHQHUJ\PLFURSLOHLVDEOHWRSURGXFHDVSHFLILFKHDWIOX[+FRPSDUDEOHZLWKWKRVHW\SLFDORI
WUDGLWLRQDOHQHUJ\SLOHVUHDFKLQJDYDOXHRIDERXW:PDWWKHILQDOVWHDG\VWDWHFRQGLWLRQV
&RQFOXVLRQ
7KH WKHUPDOEHKDYLRU RI DQ HQHUJ\PLFURSLOH SURWRW\SH UHFHQWO\GHYHORSHG DQG FXUUHQWO\ XQGHU WHVWLQJ DW WKH
(QJLQHHULQJ&DPSXVRIWKH8QLYHUVLW\RI3HUXJLDKDVEHHQDQDO\]HGZLWK')LQLWH(OHPHQWPRGHOLQJ
7KHQXPHULFDODQDO\VLVFRQGXFWHGVLPXODWLQJUHDORSHUDWLQJFRQGLWLRQVRI WKHSURWRW\SH LQ WKHVXPPHUUHJLPH
KDVVKRZQWKDWWKHSHUIRUPDQFHRIHQHUJ\PLFURSLOHVHYHQLIORZHUWKDQWKDWRIWUDGLWLRQDOSLOHVLVHQFRXUDJLQJWR
SUHGLFWWKHLUXVHLQ+9$&V\VWHPV
$ VHULHV RI IXUWKHU H[SHULPHQWDO WHVWV DV ZHOO DV QXPHULFDO DQDO\VHV ZLOO EH SHUIRUPHG RQ WKH JHRWKHUPDO
SURWRW\SHVWRFRQWLQXHYHULI\LQJWKHUHVXOWVREWDLQHGERWKIURPDQHQHUJHWLFDQGDPHFKDQLFDOSRLQWRIYLHZ
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
)LJ(YROXWLRQRIWKHVSHFLILFKHDWIOX[ZLWKWLPH
$FNQRZOHGJHPHQWV
7KH$XWKRUVJUDWHIXOO\DFNQRZOHGJHWKHILQDQFLDOVXSSRUWRIWKH³0LQLVWHURGHOOH3ROLWLFKH$JULFROH$PELHQWDOL
H )RUHVWDOL´ WKDW IXQGHG WKLV VWXG\ WKURXJK WKH SURMHFW ³(GLOL]LD 5XUDOH ,QQRYDWLYD 6RVWHQLELOH FRQ $XWRQRPLD
(QHUJHWLFD7RUUH,GUDXOLFR$UFKLWHWWRQLFRHQHUJHWLFD5XUDOH7,$5´&RG&83--
5HIHUHQFHV
>@0+'LFNVRQ0)DQHOOL:KDWLVJHRWKHUPDOHQHUJ\",VWLWXWRGL*HRVFLHQ]HH*HRULVRUVH&153LVD,WDO\
>@+%UDQGO(QHUJ\IRXQGDWLRQVDQGRWKHUWKHUPRDFWLYHJURXQGVWUXFWXUHV*HRWHFKQLTXH
>@3-%RXUQH:HEE%$PW\D.6RJD7$PLV&'DYLGVRQ33D\QH(QHUJ\SLOH WHVWDW/DPEHWK&ROOHJH/RQGRQ*HRWHFKQLFDODQG
WKHUPRG\QDPLFDVSHFWVRISLOHUHVSRQVHWRKHDWF\FOHV*HRWHFKQLTXH
>@'$%UXFH$)'L0LOOLR,-XUDQ0LFURSLOHVWKHVWDWHRISUDFWLFH*URXQG,PSURYHPHQW
>@)&RWDQD3%HODUGL30DQFLROD&7DPDJQLQL$/0DWHUD]]L0)RUQDFLDULGD3DVVDQR$3HWUR]]L$/3LVHOOR*&DYDODJOLR9
&RFFLD*3DJQRWWD90HQFKHWHOOL6'L)UDQFHVFR'6DOFLDULQL1&DYDODJOL)8EHUWLQL)2UODQGL7%RQRILJOLR7,$55HQHZDEOH
HQHUJ\SURGXFWLRQVWRUDJHDQGGLVWULEXWLRQDQHZPXOWLGLVFLSOLQDU\DSSURDFKIRUWKHGHVLJQRIUXUDOIDFLOLW\(QHUJ\3URFHGLD

>@'6DOFLDULQL ) 5RQFKL 1 &DYDODJOL $ $TXLQR $ 3HWUR]]L ) &RWDQD & 7DPDJQLQL )LUVW UHVXOWV RQ WKH HQHUJ\ UHVSRQVH RI D QHZ
WHFKQRORJ\IRUH[SORLWLQJORZHQWKDOS\JHRWKHUPDOHQHUJ\3URFHHGLQJVRI WKHWK&,5,$)1DWLRQDO&RQJUHVV³6XVWDLQDEOH'HYHORSPHQW
+XPDQ+HDOWKDQG(QYLURQPHQWDO3URWHFWLRQ´$VVLVL$SULO

